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Introduction {#sec006}
============

Hospital Malnutrition (HM) is highly prevalent. It is estimated that around 30 million people in Europe present HM, and furthermore, it is associated with elevated costs of some €170 billion annually \[[@pone.0160480.ref001]\]. In this sense, a risk of malnutrition of 32.6% was observed in the EuroOOPS Study \[[@pone.0160480.ref002]\], in which 5,061 patients admitted to European hospitals were evaluated. HM is associated with delay in patient recovery, prolongs hospital stays, increases the number of readmissions, increases the risk of infection, alters the quality of life and increases mortality \[[@pone.0160480.ref003]--[@pone.0160480.ref006]\].

Body Mass Index (BMI) corresponds to weight in kg/height in m^2^, and is a good marker of malnutrition, present in the majority of existing nutritional screens. However, it must be taken into account that many inpatients cannot be weighed and measured. Consequently, there is a need for markers easier to measure to detect malnutrition in habitual clinical practice. Currently, a BMI of 18.5 kg/m^2^ is considered a marker of malnutrition when associated with other risk factors, although, per se, this is not of much predictive value as it does not exclude patients with constitutional underweight \[[@pone.0160480.ref007],[@pone.0160480.ref008]\].

Mid-Upper Arm Circumference (MUAC) is a simple measurement which has been used for many years in nutritional evaluation, being an indicator of protein and energy reserves of the individual. Diverse studies have employed MUAC as a nutritional parameter in different population groups (as elderly, inpatients, infants, pre-school-age children, schoolchildren, pregnant women or lactating women) \[[@pone.0160480.ref009]--[@pone.0160480.ref016]\].

In every day hospital practice, it is often impossible to weigh or measure the patient, thus frustrating BMI calculation. In this case, estimated weight and height can be obtained through indirect measures that have been demonstrated to correlate with direct measures. In this sense, the height could be measured in an indirect way through the length of the arm and the height of the knee, whereas the estimated weight is more difficult to calculate, because this requires several anthropometric values, and larger deviations from real weight can occur. These indirect measures undeniably lead to an inherent margin of error in the process of estimating height or weight, being more relevant in the case of height as the latter is squared in the BMI equation. For this reason, another anthropometric measurement that relates to BMI would have to be used. MUAC could be one, especially as several studies have examined this association \[[@pone.0160480.ref009],[@pone.0160480.ref010],[@pone.0160480.ref017]\].

During the design on the part of our team of a hospital nutritional screen termed CIPA (Control of food Intake, Proteins and Anthropometry)\[[@pone.0160480.ref018]--[@pone.0160480.ref019]\] that incorporates as an item BMI \<18.5 kg/m^2^, one of the major problems observed was that a large part of the patients could not be weighed or measured. For instance, certain pathologies or conditions impeded correct height measurement (kyphosis, vertebral compression fracture due to osteoporosis, scoliosis, flexor weakness), while others hampered determination of body weight (inability to stand) or might even have affected real weight (pregnancy, oedema, ascites). Therefore, BMI was calculated by means of methods which diminish the reliability of the test (e.g., estimated weight, habitual weight or height, according to the patient).

Through this study, MUAC will be studied to determine whether it can be a useful parameter to categorise the nutritional state of the patient for whom BMI cannot be measured. To this end a relationship between MUAC and BMI in inpatients has been observed, and concretely, an adequate cut-off point for MUAC that correlates to a BMI of \<18.5 kg/m^2^.

Materials and Methods {#sec007}
=====================

A retrospective study was carried out of 1,373 patients assessed by the Clinical and Dietetic Nutrition Section of Hospital Universitario Nuestra Señora de Candelaria (HUNSC) in the period comprising 2004 to 2013.

The ethics committee of HUNSC gave it\'s approval for the carrying out of this study on the date 27 March 2014. Given that this was a retrospective study of patients screened by the clinical and dietetic nutrition section, it was not possible to obtain informed consent due to the peculiarities of the study. The patient's information was anonymized and de-identified prior to analysis.

All inpatients were included whatever their basic pathology, and who had received a nutritional assessment by Nutrition Department staff with anthropometric data (weight, height, BMI, MUAC). All patients with oedema in the extremities or ascites, absence of any limb, as well as patients with data missed in the anthropometric assessment were excluded. The following data were collected: age, sex, weight, height, BMI and MUAC.

To obtain MUAC a flexible, inelastic measuring tape model Seca 201 was used, and the measure was taken in the patient\'s non-dominant arm, just at the mid-point between the acromion and the olecranon, in sitting or standing posture. The value obtained was expressed in centimetres. MUAC was taken twice and the averages were recorded. Weight and height were obtained with a model Seca 220 scale, placing the patient with their back to the instrument, measuring the height and weight. BMI was calculated by analysis software using the formula: weight (kg)/ height (m)^2^.

Statistical analysis {#sec008}
--------------------

The qualitative variables are presented with their frequency distributions. The quantitative variables are summarised by mean and standard deviation (SD). The linear relationship between MUAC and BMI was studied via the calculation of the Pearson linear correlation coefficient and the estimation of the simple linear regression coefficients of the equation. The determination coefficient (R2) is calculated as a goodness-of-fit index. For the comparisons of the quantitative variables between two independent groups the Student\'s parametric *t*-test is used. An analysis of covariance (ANCOVA) was carried out with the aim of evaluating the effect of sex and the presence of malnutrition based on BMI on the averages values of MUAC. For the continuous variable MUAC a Receiver Operating Characteristic (ROC) curve was plotted with the aim of obtaining a global measure of the accuracy of the test for the combination of all the possible cut-off points. The area under the curve (AUC) was calculated along with its confidence interval (CI) to 95%. Based on the coordinates of the curve, a cut-off point is selected for the variable MUAC, and the sensitivity, specificity, likelihood ratio for positive and negative test, as well as the percentage of correct classification were carried out. A logistic regression model is adjusted with the aim of evaluating, using the interaction term whether the selected cut-off point presented a different effect from the classification of malnutrition based on sex and age. Null hypothesis was rejected by a type I error minor than 0.05. The statistical analysis was carried out using the STATA statistics package, version 12.0.

Results {#sec009}
=======

The parameters of 1,373 patients (43.3% women) were collected, whose initial data can be found listed by subgroup in [Table 1](#pone.0160480.t001){ref-type="table"}. 16.9% of the sample presented a BMI \<18.5 kg/m^2^.

10.1371/journal.pone.0160480.t001

###### Anthropometric characteristics of the sample.

![](pone.0160480.t001){#pone.0160480.t001g}

  Variable                    Overall (mean± SD)   Men (n = 778) (mean± SD)   Women (n = 595) (mean± SD)   p[\*](#t001fn001){ref-type="table-fn"}
  --------------------------- -------------------- -------------------------- ---------------------------- ----------------------------------------
  **Weight (kg)**             65.04±15.51          69.49±15.08                59.21±14.07                  \<0.001
  **Height (m)**              1.66±0.09            1.71±0,07                  1.59±0.07                    0.001
  **BMI (kg/m**^**2**^**)**   23.48±5.03           23.71±4.83                 23.17±5.25                   0.048
  **MUAC (cm)**               26.95±4.49           27.47±4.24                 26.26±4.72                   0.001
  **Age (years)**             56.24±16.77          56.94±16.25                55.32±17.39                  0.078

\* Statistical Significance Student's t-Test;

Kilogram (Kg); Metre (m); Centimetre (cm); Standard Deviation (SD).

Regarding sex, men presented in absolute terms an average MUAC 1.2 cm (95% CI, 0.73--1.69) greater than women (p\<0.001). As for BMI, the distribution is different between men and women (quantifying the risk of malnutrition as BMI \<18.5 kg/m^2^), being statistically greater in women (20.2%) than in men (14.3%) (p = 0.024) ([Fig 1](#pone.0160480.g001){ref-type="fig"}).

![Box plot of Body Mass Index (kg/m^2^) in women and men.](pone.0160480.g001){#pone.0160480.g001}

MUAC shows a significant relationship with BMI by means of the equation BMI = −0.042 + 0.873 x MUAC (cm) (R2 = 0.609), with a Pearson correlation coefficient of 0.78 (95% CI: 0.76--0.80), while that in men was of 0.83 (95% CI: 0.80--0.85) and in women 0.74 (95% CI: 0.70--0.77), as set out in [Fig 2](#pone.0160480.g002){ref-type="fig"}.

![Relationship between Mid-Upper Arm Circumference and Body Mass Index in women and men.](pone.0160480.g002){#pone.0160480.g002}

The mean MUAC of the group of patients with malnutrition (21.4 (3.1)) was statistically inferior (p\<0.001) to the group of patients without malnutrition (28.1 (3.9)). When stratified by sex, malnourished women presented in absolute terms a mean MUAC of 7.04 cm less (95% CI: 6.2--7.7; p\<0.001), while in men the difference was 6.05 (95% CI: 5.31--6.79; p\<0.001). Based on the ANCOVA results no statistically significant interaction was observed (p = 0.064) between sex and the presence of malnutrition in relation to MUAC.

The AUC of MUAC for the detection of malnutrition in the whole sample was 0.92 (95% CI: 0.90--094; p\<0.001). The results in women and men were as follows: AUC: 0.94 (95% CI: 0.92--0.96; p\<0.001) and AUC: 0.91 (95% CI: 0.88--0.93; p\<0.001), respectively ([Fig 3](#pone.0160480.g003){ref-type="fig"}). Based on the coordinates of the curve, cut-off points for the whole of the sample were selected by the values of correct classification. [Table 2](#pone.0160480.t002){ref-type="table"} shows the index of sensitivity, specificity, likelihood ratio for positive and negative test for different values of MUAC.

![Area Under the Curve of Mid-Upper Arm Circunference for the detection of malnutrition in the whole sample and stratified by sex.](pone.0160480.g003){#pone.0160480.g003}

10.1371/journal.pone.0160480.t002

###### Diagnostic validity of Mid-Upper Arm Circunference for the detection of malnutricion (Body Mass Index \<18,5 kg/m^2^).

![](pone.0160480.t002){#pone.0160480.t002g}

  Cut-off points for MUAC (cm)             [≤24.0]{.ul}   [≤23.5]{.ul}   [≤23.0]{.ul}   [≤22.5]{.ul}   [≤22.0]{.ul}   [≤21.5]{.ul}   [≤21.0]{.ul}
  ---------------------------------------- -------------- -------------- -------------- -------------- -------------- -------------- --------------
  **Sensitivity (%)**                      85.78          78.88          77.59          67.67          62.93          52.16          45.26
  **Specificity (%)**                      84.37          89.20          90.34          94.47          95.00          96.58          96.84
  **Likelihood ratio for positive test**   5.49           7.30           8.03           12.23          12.58          15.23          14.32
  **Likelihood ratio for negative test**   0.17           0.24           0.25           0.34           0.39           0.50           0.57
  **Correct classification (%)**           84.7           87.46          88.2           90.0           89.57          89.1           88.11

According to the results of the logistic regression models, the selected cut-off point for MUAC did not show statistically significant differences in relation to sex (p = 0.115) or age (p = 0.694).

Discussion {#sec010}
==========

The results of the present study suggest that MUAC serves as a predictor of BMI. Likewise, the selected cut-off point of ≤22.5 cm presents a high percentage of correct classifications (BMI \<18.5 kg/m^2^).

In everyday clinical practice we encounter a serious inconvenience when we try to carry out a nutritional assessment on a patient who cannot be measured or weighed. The use of subjective parameters such as those provided by the patient, or estimated weight and height, are habitual in clinical practice. Eriksen J. et al. \[[@pone.0160480.ref020]\] demonstrated that the patient\'s perception of weight loss is usually incorrect, thus reducing effectiveness.

There are more than a few papers that have studied this relationship. Indeed of the fewer studies there are in adults, there are even fewer the ones carried out in developed countries \[[@pone.0160480.ref021]\].

The Nutrition Risk Screening 2002 (NRS 2002) \[[@pone.0160480.ref017]\] advised that there was little evidence in existence to translate values of BMI values to the corresponding MUAC. Nevertheless, the investigators by undertaking a retrospective analysis of various studies, indicate that an MUAC of \<25 cm may correspond to a BMI of \<20.5 kg/m^2^.

On the other hand, Malnutrition Universal Screening Tool (MUST) \[[@pone.0160480.ref022]\] suggests that a MUAC less than 23.5 cm is probably associated with a BMI less than 20 kg/m^2^, and thus the patient is found to be in a state of risk of malnutrition. This study also deals with weight loss over time and values of MUAC. In this respect they estimated that if MUAC changed by at least 10%, weight and BMI would probably also change by 10% or more.

In turn, the Mini Nutritional Assessment (MNA) screening, designated particularly for a population over 65 years of age, also comprises MUAC data, including values of 22--21 cm as parameters to detect malnutrition \[[@pone.0160480.ref023]\].

Sultana T et al. \[[@pone.0160480.ref009]\] recently published a study similar to ours, but by means of a prospective analysis of 650 patients who attended a hospital in Bangladesh with a profile of more acute patients. In that study, even though the sample was separated by sex, they also found a strong correlation between MUAC and BMI with some indices of correlation and an AUC similar to those found in our study.

The same paper also attempted to categorise some levels of MUAC that might correspond to a BMI of \<18.5 kg/m^2^, the authors concluding that a MUAC \<25 cm is identified with said BMI in males, and \<24 cm in females. It should be taken into account, however, the differences that exist between the study population of this work and that of ours, not only for the interracial variability that could justify the differences encountered, but also for the greater chronic profile of our patients, for instance greater average age, which is almost double. This is probably a reflection of the important socioeconomic differences between the two countries, for which reason our work may be more representative of general hospitals in first-world countries. For this reason, people over 60 years of age were not excluded from our work (as was done in the study by Sultana et al,\[[@pone.0160480.ref009]\]) since life expectancy is elevated, and therefore these patients are a sample of the real characteristics of inpatients in this type of hospital.

A retrospective study, also with patients suffering from acute pathology, identified a good correlation between BMI and MUAC, and even the patients with a MUAC \<25 cm presented a greater length of stay during hospitalisation and a higher incidence of mortality\[[@pone.0160480.ref024]\]. In this sense, MUAC also proved to be a good predictor of mortality in the elderly population of Taiwan, even better than BMI\[[@pone.0160480.ref025]\]. Nguyen P et al.\[[@pone.0160480.ref010]\], for their part, also undertook a retrospective study in Vietnam in which they found a good correlation between MUAC and BMI in healthy pre-menopausal women, a MUAC of \<23.5 cm being in this case the value that best corresponded to a BMI of \<18.5 kg/m^2^.

The sample of patients in our work was not only large but also very heterogeneous, scattered between the medical as well as surgical departments of a general hospital, thus reflecting the characteristics of usual clinical practice. The study was performed in Western Europe, understanding that the results would not coincide with the majority of studies carried out in developing countries due to interracial differences in body composition.

We identified that there is a good correlation between MUAC and BMI, just like that occurring in the work of Sultana et al \[[@pone.0160480.ref009]\], as much in the global sample as in the sex-separated analysis. Therefore, MUAC adequately predicts values of BMI.

To facilitate the evaluation of the results obtained by measuring MUAC, we sought to analyse the results in a grouped sample of men and women. Thus, it was found that the differences in MUAC between malnourished and non-malnourished patients were somewhat greater in women than in men, but without reaching statistical significance, being able to employ said common value to both sexes in the analysis of this measure. Furthermore, to be able to generalise the threshold of MUAC that represents a BMI of \<18.5 kg/m^2^, the relationship of the results to patient age was studied, finding that a value ≤22.5 cm is applicable to any inpatient.

Through this analysis, and observing that the possible cut-off points of each sex are very close to one another, the conclusion was reached that it is impractical to use a different value for men and women. It gains nothing in terms of classification capacity, and moreover, the intention in our case is to introduce the measure into a hospital nutritional screen where a high number of patients will be subjected to it. For this reason the greatest simplicity possible must be sought with optimum results. Understanding that the classification of BMI is the same for women as for men, it is reasoned that there is no clinical justification for it being different for MUAC, based on the observations in this sample.

Our team specifically chose the cut-off point of MUAC ≤22.5 cm based on the results found in [Table 2](#pone.0160480.t002){ref-type="table"}, to include it in the CIPA screen in conjunction with other nutritional parameters, independently of the sex and age of the patient. This cut-off point is centred on obtaining a low percentage of misclassified patients, maintaining an acceptable sensitivity and specificity. The selection of a higher cut-off point, increasing sensitivity, involved an increase in false positive and a reduction in correct classification.

It is possible that to use MUAC in a different setting, other authors choose a higher cut-off point which gives greater sensitivity, or to choose various cut-off points according to sex or age, but we think that for its inclusion in a nutrition screening tool that facilitates to the maximum possible degree the functions of healthcare personnel, a single common cut-off point must be used. Moreover, based on the reduced muscle mass, it may be more convenient to choose a lower cut-off point in an elderly population. However, our analyses did not reveal significant differences for subjects aged over 65 using the selected cut-off point. With the value we have chosen of ≤22.5 cm included in the CIPA screen, we have been able to to predict a worse clinical prognosis in those patients that test positive, increasing mortality more than four-fold and hospital stay by a week (in contrast to the results obtained with the Subjective Global Assessment)\[[@pone.0160480.ref026]\].

Our work reveals various limitations which should be explained. Firstly, it deals with a retrospective study with the attendant limitations that involves, albeit with a significant number of patients. As we have commented on in the discussion, different cut-off points can be obtained according to sex and age, but the objective of this study was to find a single common cut-off point for a nutritional screen.

We believe, in any case, that the data obtained in our study are significant, since it is the first to be undertaken with a sample of inpatients from a general hospital in the first world. Furthermore, in Spain as well as in Europe there is a body of work in combating malnutrition related to illness in which many inpatient nutritional screens are been designed and applied, and so we believe that the results obtained in our article contribute somewhat more objectivity to the anthropometric data included in those studies.

In conclusion, this work authenticates MUAC as a parameter that correlates very well with BMI and which can be used as a complement to it, or as a substitute for the same in situations in which the patient cannot be weighed or measured. Furthermore, different cut-off points for MUAC are presented which correlate with BMI \<18.5 kg/m^2^ (global as well as differentiated by sex) that provide different sensitivities, specificities, and correct classification, so that, depending on use and context, can serve in one or another value. We believe that for the introduction of this variable into a hospital nutritional screen, it would be ideal for said cut-off point to be common to both sexes and independent of patient age, to facilitate the task of those performing the nutritional screen, a key aspect of its implementation in a general hospital setting.
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